
Chiral recognition of α-amino esters was examined using
the homochiral helical dimer of the zinc complex of linear
tetrapyrrole (zinc bilinone) as a host.  1H NMR and thermody-
namic studies indicated that favorable (Phe–OMe and
Leu–OMe) or unfavorable (Asp–(OMe)2) interactions of the
side chain of α-amino esters with zinc bilinone lead to enantio-
selectivity.

Chiral recognition using artificial host molecules has con-
tributed to model studies on naturally occurring molecular
recognition events such as enzyme–substrate and receptor–sig-
nal molecule interactions1,2 as well as development of
analytical3 and separating4 devices for chiral molecules.  Thus,
a variety of chiral hosts have been prepared, and their chiral
recognition properties have been extensively investigated.  In
general, chiral hosts are classified into two types; intrinsically
and extrinsically chiral hosts.2 Among them, the former, which
possesses a chiral framework by itself, is expected to exhibit
effective enantioselective binding of chiral guest molecules
because it is possible to construct asymmetric space around the
binding site.  In this regard, a host molecule with a chiral heli-
cal framework is one of good candidates for intrinsically chiral
hosts.  Preparation of intrinsically chiral host requires, however,
asymmetric synthesis and/or optical resolution.  We avoid this
problem by inducing helical chirality using intramolecular inter-
action with a simpler and easily accessible chirality.  One-pot
reaction of zinc oxaporphyrin with chiral cyclohexanediol yield-
ed helical zinc bilinone (ZnBL) 1 whose helical chirality was
completely regulated.5,6 Thus readily accessible chirality of a
chiral diol was converted to helical chirality, which is utilized as
a chiral recognition motif.  Here we show binding of amines and
α-amino esters to 1 occurs enantioselectively, and favorable or
unfavorable interactions of the side chain of α-amino esters with
the helical framework of ZnBL lead to enantioselectivity.

We employed PP-1 and MM-1, which have (1R,2R)- or
(1S,2S)- cyclohexanediol as a spacer, respectively.7 A ZnBL
derivative forms a 1:1 complex with amine or α-amino ester,
through the coordination of the amino group to the zinc.8 In
Figure 1 is shown a typical example of 1H NMR spectral changes

for complexation of PP-1 with D-leucine methyl ester (D-
Leu–OMe).9 The signal of each proton shifted successively upon
addition of amine or α-amino ester, showing a saturation behavior
as shown in Figure 2.  In the Job’s plot for complexation of MM-
1 and (R)-NEA,9 the maximum value was observed at [1]/([1] +
[NEA]) = 0.5 when the total concentration of the host and the
guest was 5.0 × 10–4 M, whereas it was observed at [1]/([1] +
[NEA]) = 0.4 when the total concentration increased to 1.0 × 10–2

M.  Therefore, host 1 forms a 1:2 complex with amines and α-
amino esters via formation of the 1:1 complex under the present
conditions.  Assuming that each ZnBL unit operates independent-
ly as a recognition site for a guest molecule, the computer-assist-
ed least squares analysis of the 1H NMR chemical shift changes
as a function of the concentration of the guest afforded satisfacto-
ry fitting of the experimental data to the calculated curve (Figure
2), determining averaged binding constants of each ZnBL unit for
various guests as described in Table 1.

The ZnBL units in 1 adopt highly stable, chiral structure,
and the helix inversion did not occur upon complexation with D-
or L-isomer of the guest.  The P-helical ZnBL skeleton exhibited
higher affinity to D-amino esters employed here than the L-iso-
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mers. The comparison of free energy changes on complexation
∆G° between the set of enantiomers afforded an index of enan-
tioselectivity –∆∆G°, of which trend is Asp–(OMe)2

9 >
Phe–OMe 9 > Leu–OMe ≈ Ala–OMe.9 Regarding the ∆G° for
Gly–OtBu as a reference free energy change of coordination by
an amino group, the enatioselectivity for Asp–(OMe)2 origi-
nates mainly from the less stability of PP-1·L-Asp–(OMe)2
than that of PP-1·D-Asp–(OMe)2, whereas, in the cases of
Phe–OMe and Leu–OMe, both of the stabilization of PP-1·D-
isomer and the destabilization of PP-1·L-isomer contribute to
the enantioselectivity. Especially, the relatively large values of
the K for D-Phe–OMe and D-Leu–OMe indicate that the side
chains of the D-isomers interact favorably with the bilinone skele-
ton through aromatic stacking and van der Waals interaction,
respectively.  Indeed, as shown in Figure 3, the signal of the 15-H
in PP-1 shifted remarkably upfield upon complexation with D-
Phe–OMe, indicating the phenyl group in the side chain is locat-
ed on the C-ring.  Thus there is not a free rotation along the Zn–N
(guest) bond, and a preferred orientation of the guest leads to the

chiral recognition.  It is quite interesting that the enantioselective
binding is achieved without any directional interactions such as
hydrogen bonding except the coordination of the amino group to
the zinc ion.

In summary, we demonstrated chiral recognition of α-amino
esters and amines by the helicity-regulated zinc bilinone dimer 1.
To the best of our knowledge, this is the first example of chiral
recognition on a chiral helical surface of a metal complex, which
describes possibility for simple molecules with intrinsic chirality to
operate as chiral hosts.  Furthermore, such a chiral helical metal
complex can serve as a chiral coordination compound catalyst for
asymmetric synthesis.  Further research is now under investigation.  
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